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Abstract:  
New housing developments in Australia, particularly on Greenfield sites on the edge of 
existing urban centres, need to be sustainable in environmental and social terms if long term 
problems are to be avoided. Sustainability is multi-dimensional and existing analyses have 
been found to be inadequate in assessing housing developments holistically. This paper 
describes research which has used five criteria (energy use, resource use, neighbourhood 
character, neighbourhood connectivity and diversity), representing 31 indicators, to assess 
three housing precincts of a regional city in southern Australia. The method has been found 
to produce useful assessments of sustainability. The method has the potential to inform 
future housing developments and to be used to improve existing suburbs. 
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1. Introduction 
Growing urbanisation is a global phenomenon. Our cities are growing in size because of 
general population increase and the migration of those seeking increased employment 
opportunities, services and quality of life. In many cases where land is available, this means 
the construction of housing on the edge of existing urban development.  In Australia, this 
process has been particularly significant. Nearly 90% of our population lives in cities with a 
population density of 5.6 per hectare (Roberts, 2007). In less than a decade, the number of 
households in Australia is estimated to increase by over twenty percent (DEWHA, 2008). 
Much of the growth in housing is likely to occur on greenfield sites. Figure 1 illustrates a 
typical sight on the edges of established urban centres in Australia. 
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Figure 1 Typical new housing development occurring on the edge of Australian cities 
 
These housing developments are the subject of critical debate from both social and 
environmental perspectives. Planners wrestle with the need to overcome a housing 
shortage, while simultaneously trying to sanction developments that can genuinely be 
described as sustainable. Housing developments are often evaluated from a single 
perspective. For example, Holden (2004) has evaluated urban development in Norway from 
the perspective of its ecological footprint, specifically private household consumption and 
how this is influenced by the physical living situation. Klunder (2004) focussed on the 
environmental performance of Dutch housing construction and how this might be improved. 
Neighbourhood design was evaluated by Song and Querica (2008), who examined design 
features such as neighbourhood density, street connectivity, land use mixing and pedestrian 
access to transport and shops.  
 
However, sustainable development is recognised to have both social and environmental 
dimensions, so a single criterion evaluation will not be able to provide the required holistic 
view. This paper describes research which has combined five different criteria to enable a 
more comprehensive evaluation of housing developments. Three housing precincts, each 
representative of a different era of construction in a regional city in Victoria, southern 
Australia, have been evaluated and compared. The paper begins with a description of the 
sustainability criteria used and the general methodology adopted. The precinct selection 
process is outlined. The five sustainability criteria are then discussed in detail. In each case, 
the indicators of that particular criterion are explained. The final section of the paper 
discusses the implications of the findings, as well as the strengths and weakness of the 
overall approach. 
 
2. Sustainability criteria selection 
Any evaluation of sustainability must involve the selection of suitable criteria and this is 
necessarily a subjective process. What to leave in and what to leave out, particularly in an 
evaluation which sets out to be multi-dimensional, will always be open to criticism. The 
selected criteria were: energy use, resource use, neighbourhood character, neighbourhood 
connectivity and diversity. Each criterion was evaluated using a number of different 
indicators. These indicators and their selection rationale are discussed in subsequent 
sections of this paper. In each case, however, a scale of 1-5 was established and used to 
rate the selected precincts. A score of 5 indicated that the housing development was rated 
as ‘best’ sustainability practice, while a score of 1 indicated an example of ‘worst’ practice. 
To obtain a ranking for the particular criterion, these indicator ratings were summed and 
averaged. The advantages and limitations of this approach are discussed later in the paper.  
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3. Precinct selection 
The City of Greater Geelong (CoGG) has a population of approximately 216,000 and covers 
an area of 1245 km2. It is growing at the rate of 1.3% p.a. (CoGG, 2011). By 2026, it is 
estimated that the population will be nearly 270,000. CoGG is the second largest city in 
Victoria and is 75 km from Melbourne, the State’s capital, to which it is connected by an 
hourly rail service. This infrastructure allows residents increasingly to commute between the 
two cities. The growth of the CoGG in the post-war period, has been significant, particularly 
outwards in a south-west direction. Other directions have been eschewed for various 
physical and social reasons. Each era has seen new housing developments appear at the 
previous boundaries. In this research, housing precincts were selected in three different 
suburbs, Belmont, Grovedale and Waurn Ponds (Figure 2). The housing in these suburbs is 
representative of Australian housing in the 1950-60s, 1970-80s and 1990-00s respectively. 
 
Each precinct was nominally 0.16 km2 in area i.e. 400 m by 400 m. This size was chosen 
because it is generally regarded as the area that can be comfortably traversed on foot or by 
bicycle. Each precinct was also chosen to be coincident with a ‘collection district’ (CD) of the 
Australian Bureau of Statistics (ABS) because it was envisaged that census data would be 
used in the analysis and it would be unduly complicated to select a precinct which 
overlapped two CDs. Main roads were avoided when selecting suitable precincts, so that the 
areas were predominantly residential in nature.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Location of study precincts representing various eras of housing 
development 
 
Each precinct was occupied by approximately 200 houses. Two of the criteria selected 
(energy use and resource use) require detailed calculations based on the houses 
themselves (size, material use etc). In order to reduce the number of calculations required, 
typical houses, deemed to be representative of the particular eras, were selected within each 
precinct. The selection followed on-site walking inspection by the research team. Two 
houses were selected in Belmont, and one each in Grovedale and Waurn Ponds. Table 1 
provides some key data of the selected houses. Each typical house was modelled using 
AutoCAD Revit so that the required data could be subsequently extracted. Figure 3 shows 
an example of the model’s three-dimensional output. 
 
 
 4 
Table 1 House and household size, construction style and distance from CoGG CBD 
for houses in selected precincts 
 
Era Size 
(m2) 
House Type Precinct Household 
size3 
(persons) 
Distance from 
Geelong CBD 
(km) 
1950-60s 155 weatherboard1 Belmont (B1) 2.3 4.2 
1950-60s 110 brick veneer2 Belmont (B2) 2.3 4.2 
1970-80s 165 brick veneer Grovedale (G) 2.6 7.2 
1990-00s 241 brick veneer Waurn Ponds (W) 3.2 8.9 
 
1 a weatherboard house has a timber frame clad externally with horizontal timber boards 
2 a brick veneer house has a timber frame clad externally with a non-structural brick wall 
3 based on ABS census data 
 
 
Figure 3 Typical example of AutoCAD Revit 3D model of typical Belmont house (B2) 
 
4. Resource use 
The scale and density of dwellings influences the consumption of resources and is 
significant in terms of evaluating sustainable housing developments. Resource use has been 
considered from two principal perspectives. Firstly, the economic, functional and aesthetic 
requirements of habitation determine dwelling size, scale and elaboration. This influences 
material selection and determines material quantities for domestic spatial enclosure and 
utility. Secondly, the infrastructure of suburban development is initially imposed on the 
landscape to establish legal title for residential property. This translates into physical 
dimensions of individual building sites as well as road reserves and other land usage 
(parkland, schools, services and businesses) required to allow development. This 
contributes to dwelling density as well as influencing the quantity of materials needed to 
complete the infrastructure, such as roadways, drainage and other service reticulation. 
 
Table 2 lists the construction materials used in the construction of the typical dwellings 
estimated from the AutoCAD Revit modelling. This data has been used to calculate the 
volume of material required for the delivered floor area. This is an indicator of resource 
consumption per head of the population (number of inhabitants per dwelling) for the resulting 
amenity provided by the dwelling type and precinct.  Results show the shift, over time, from 
low embodied energy and renewable timber construction to higher embodied energy 
materials of concrete and masonry. 
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Table 2 Material usage data (m3) 
 
 
Belmont 
(B1) 
Belmont 
(B2) 
Grovedale 
(G) 
Waurn Ponds 
(W) 
timber 47.18 9.80 5.20 7.40 
concrete 0.21 4.59 21.51 27.95 
masonry 2.09 31.41 23.77 20.88 
plaster 6.50 3.81 5.53 5.95 
steel 3.52 0.00 0.00 4.72 
glass 0.14 0.17 0.18 0.16 
aluminium 0.00 0.00 0.00 0.14 
total material volume 59.64 49.78 56.19 67.20 
 
An analysis of GIS information for the three precincts enabled a direct measurement of land 
use according to house site areas as a percentage of the total precinct area. This can then 
be compared to the efficiency of infrastructure space for access (road reserve) and amenity 
(parkland, schools, recreation reserves) (Table 3). 
 
Table 3 Land Usage Data 
 
 
Belmont 
(B1) 
Belmont 
(B2) 
Grovedale 
(G) 
Waurn Ponds 
(W) 
house site area (m2) 691 623 752 516 
house floor area (m2) 155 110 165 241 
no of houses in precinct 267 267 192 653 
precinct area (m2) 296600 296600 203200 689000 
 
Five resource indicators were selected to evaluate the housing developments in the selected 
precincts. Spatial Enclosure Efficiency assesses the resources used to achieve a unit of floor 
area; the smaller number the better. The Renewable Material Proportion reflects the volume 
of renewable/recycled materials to total material used. It assumes that sustainable housing 
can be designed that requires only light timber cladding with effective insulation that can be 
largely comprised of renewable materials. The Precinct Building Footprint (total house floor 
area: precinct area) expresses building resource density and dispersal within the precinct as 
an indicator of the sprawl of urban development and the loss of land available as a resource 
for other purposes; the higher the number the greater the density. House Site Proportion 
indicates the capacity of a site to accommodate an efficient plan and maximise available 
floor area for habitation from the volume of resources used in low-density residential 
building. This is balanced against the reduced infrastructure required for narrow site 
frontages through less roads and length of services. Consequently upper and lower scales 
are used to indicate this balance. The Land Use Efficiency (total house site area: precinct 
area) expresses the infrastructure resource implications of providing a useable site within the 
precinct. The greater the density of house sites within a given range for low-density 
development, the lower the infrastructure needs to service the capacity for habitation. This 
issue is complex and is interconnected with broader sustainability issues for land use such 
as amenity in urban habitation as well as biodiversity, and the modification or exclusion of 
habitat for other species. The indicators and rating ranges are summarised in Table 4, with 
the particular precinct results indicated in parentheses. The overall ranking for each precinct 
in terms of resource use is the calculated average of each indicator score. 
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Table 4 Indicator rating ranges and precinct scores 
 
 Rating 
Indicator  1 2 3 4 5 
Spatial Enclosure Efficiency  
(material volume / house floor area) 
> 0.5 < 0.5 
(B2) 
< 0.4 
(B1,G) 
< 0.3 (W) < 0.2 
Renewable Material Proportion  
(renewable material volume / total 
material volume) 
< 0.1 
(G) 
> 0.1 
(B2, W) 
> 0.3 > 0.5 >0.7 
(B1) 
Precinct Building Footprint  
(house floor area x no. houses / 
precinct area) 
≤ 0.1 
(B2) 
> 0.1 
(B1, G) 
> 0.2 
(W) 
> 0.3 > 0.4 
House Site Proportion  
(site frontage / site depth) 
< 0.15 
or 
> 0.95 
< 0.25 
or 
> 0.85 
< 0.35 
or 
> 0.75 
(G) 
< 0.45 
or 
> 0.55 
(B1)(B2)(W) 
> 0.45 
and 
< 0.55 
Land Use Efficiency 
(house site area x no. houses / 
precinct area) 
< 0.5 
(W) 
> 0.5 
(B2) 
> 0.6 
(B1) 
> 0.7 (G) > 0.8 
 
5. Neighbourhood Character 
The relationships between the built and the natural environments are critical to 
neighbourhood character. Yet there appears to be little research into what it is and how to 
measure it. One reason is that defining neighbourhood character is not a simple task 
because ‘character’ is not easily reducible to clearly identifiable elements. As a result, there 
are different definitions in the research literature. For example, Woodcock et al. (2009) state 
that definitions of neighbourhood character often comprise a collection of built form 
elements, are about place attachment and are profoundly social characteristics. 
Furthermore, they believe neighbourhood character describes the way that the built form 
determines the relationships between neighbours and produces a sense of place or 
belonging. Green (2010:2) argues that ‘character of a place is an experiential phenomena’ 
and that neighbourhood character is about aesthetics coupled with meaning. In this 
research, we have addressed the question ‘how do the buildings and landscape interact’ and 
we do this by examining the built form and its relationship to topography and vegetation. 
 
Six physical/landscape indicators have been established from CoGG (2007) and other 
neighbourhood character studies to develop the physical neighbourhood character of the 
selected precincts. The six indicators are: (i) style of public infrastructure and urban design; 
(ii) allotment sizes; (iii) building setbacks; (iv) building footprint; (v) building type/design; and 
(vi) vegetation. Observations were made from walking the streets in the study area, plus on-
the-ground photos, supplemented by aerial photos. Table 5 describes the six indicators with 
their different values. The higher the number, the greater the positive contribution to 
neighbourhood character in each indicator. The scores for all precincts are shown in 
brackets.   
 
Grovedale’s public infrastructure and urban design shows little consistency in appearance, 
with concrete footpaths in one street and none in another; overall the streets are curved with 
no clear orientation, there are some courts and grassed nature strips.  Belmont follows a 
more traditional grid pattern with wide nature strips, whereas Waurn Ponds is designed to be 
a curvilinear layout with many courts. The house sites in Grovedale are approximately 750 
m2, but with great variety; Belmont’s are generally larger; those at Waurn Ponds are 
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considerably smaller, consistently around 450 m2. Building setbacks are mostly consistent 
from street frontage across all precincts, yet perception varies: landscaping gives greatest 
variety in Grovedale, and most consistency in Waurn Ponds. Setbacks between houses 
(though varied in distance) are well defined, generally by paling fences across all precincts. 
Building footprint of all original buildings in Grovedale and Belmont have reasonable front 
gardens and spacious backyards. Though it is difficult to see backyards, our estimate 
(confirmed by the aerial photos) is that the footprint takes up about 40% of the site. In Waurn 
Ponds single storey dwellings and garages occupy 60% or more of the sites. Back and front 
yards appear to be about the same size. Houses are close together and form an almost 
continuous wall along the road. 
  
The building types and designs in each neighbourhood comprise single storey detached 
dwellings of similar height and bulk. Belmont has an eclectic mix of dwellings, with newer 
units suggesting a precinct in transition. Most of the houses in Grovedale are 1970s brick-
veneer with a mix of hipped roofs, some flat roofs, and some 1980s with bagged brick and 
attic lights. In Belmont and Grovedale garages/carports are relatively unobtrusive beside 
their dwellings. Aerial views show a variety of houses, all unique according to their 
roofscapes. In Waurn Ponds the houses are built on concrete slabs, low to the ground, with 
articulated ‘porch’ entry, shallow hip roofs (mostly tiled), no eaves, and large two car 
garages. The sameness of design gives the impression of a single developer site. 
  
Vegetation is markedly different across the three precincts. Belmont has established mature 
trees in private property and public spaces, giving a distinctive feature to the streets. In 
Grovedale there is no consistent street tree planting, and there is a mix between established 
large shrubs and trees, which provide shade and habitat for birds. In both there is a diversity 
of established trees and shrubs, flowers and lawns. In Waurn Ponds gravel, stones, pebbles 
and black mulch dominate the ‘nature’ strips and private front gardens. Artificial landscapes 
are populated by monocultures of succulents and imported grasses. 
 
Table 5: Indicators of neighbourhood character  
 
Indicator 1 2 3 4 5 
Public 
infrastructure 
and urban 
design 
No consistency 
of streetscape 
pattern; no 
consideration of 
urban design; 
no clear 
orientation of 
streets; no 
communal 
spaces 
Poor 
consistency of 
streetscape 
pattern; little 
consideration of 
urban design; 
little orientation; 
very few 
communal 
spaces 
 
 
 
Moderate -
consistency of 
streetscape 
pattern; 
moderate 
consideration of 
urban design; 
little orientation; 
few communal 
spaces 
 
(G) 
Moderate + 
consistency of 
streetscape 
pattern; 
reasonable 
consideration of 
urban design; 
some 
orientation; 
some communal 
spaces 
(W) 
Consistency of 
streetscape 
pattern; high 
consideration of 
urban design; 
clear orientation 
of streets; variety 
of communal 
spaces 
 
 
 
 Allotment 
sizes (m2) 
≥350 ≥450 
(W) 
≥550 ≥750 
(G) 
≥1000 
(B) 
Building 
setbacks 
No setbacks; no 
space between 
dwellings; very 
high front 
fences. 
No consistency 
in setbacks and 
spacing, and 
front fencing 
height 
Inconsistent 
setbacks and 
spacing, 
inconsistent 
front fencing 
height 
Moderate 
consistency in 
setbacks and 
spacing, 
consistency in 
front fencing 
height  
(G) 
Similar full 
setbacks; 
spacing between 
dwellings; unified 
height of front 
fences 
 
 
(W) (B) Building 
footprint (%) 
<100 <85 <70 
(W) 
<55 <40 
(G) (B) 
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Building 
type/design 
Total uniformity 
or chaotic 
mixture of 
buildings; 
import of 
external 
materials, styles 
and heritage 
influences 
(W) 
Inconsistent mix 
and scales, 
imported and 
local materials 
and styles 
Moderate 
uniformity, 
some mixture 
between 
materials and 
styles  
 
(B) 
Some variety of 
buildings; using 
local material, 
styles and 
heritage 
influences 
(G) 
Planned variety 
of buildings; 
using local 
material, styles 
and heritage 
influences 
Vegetation No trees –  
0-10% 
coverage  
 
(W) 
Very few trees – 
10-20% 
coverage, 
scattered effect 
Few trees – 20-
30% coverage; 
street planting 
ad hoc  
Some trees – 
30-40% 
coverage 
 
(G) 
Mature trees – 
>40% coverage 
in street plantings 
and in private 
gardens  
(B) 
 
As stated earlier, it is hard to define neighbourhood character and it is even harder to 
determine what a “good” neighbourhood character might comprise. Neighbourhood 
character will change according to the contextual situation in which a neighbourhood is 
located. In this evaluation of the neighbourhood character of various suburbs of CoGG, we 
have tried to bridge between the desire to maintain a low-density environment with 
abundance of vegetation and greenery and the need to aspire to a sustainable suburban 
housing model. The six indicators should not be seen as separated but as an integrated 
matrix.  The total scores show that Belmont and Grovedale have been quite successful in 
bridging between achieving a good neighbourhood character and sustainable housing. 
Waurn Ponds has scored more poorly because it provides no trees, few shrubs, no shade, 
no relief from reflective surfaces, and little habitat for other species. 
 
6. Neighbourhood Connectivity 
CoGG (2010:42) defines an ideal sustainable community as “…well resourced, with 
attractive and functional built form and open space, providing opportunity for lifelong 
education, recreation and cultural activity.  It will foster citizenship and be safe and 
accessible”. The strategy also contains recommendations for the level of community 
infrastructure required at different scales of population catchment.   According to Boyce et al. 
(2009), neighbourhood connectivity is principally driven by access and equity.  Accessibility 
to local services, housing choice, mobility, connection to the outside world, social 
cohesiveness and inclusiveness are the key elements. Their study highlights the benefits of 
understanding neighbourhood community infrastructure through an analysis of street 
morphology and residents’ mobility. It is important therefore to investigate how access to 
community infrastructure is affected by the configuration of the urban or suburban form.  
 
Neighbourhood connectivity measures how physically connected the residents are to their 
immediate community infrastructure facilities.  The methodology employed is one of distance 
relationships, i.e. an analysis of the connections between areas of housing and key 
community facilities. CoGG has in place a general policy direction of developing ‘community 
hubs’ where possible, usually in areas of new development.  Community hubs are defined as 
clusters of community infrastructure that are within close distance of each other, therefore 
creating a ‘one-stop shop’ for the surrounding community.  Figure 4 illustrates where 
community hubs currently exist across the study area.  
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Figure 4 Location of community infrastructure and existing ‘community hubs’. 
 
Nine key community facilities were used to measure neighbourhood connectivity.  These 
were: (i) community centres; (ii) kindergartens and childcare centres; (iii) general 
practitioners; (iv) community libraries; (v) maternal and child health facilities; and (vi) aged 
care facilities; (vii) public transport; (viii) public open space; and (ix) retail and convenience 
shopping.  In this research, these facilities were treated equally.  
 
GIS mapping was used to locate and calculate the distances and catchments across the 
study areas. This mapping method also allows a rapid comparative analysis of the facilities’ 
relationship to existing urban structure. Existing community facilities were mapped and a 
walking distance of 400 metres was plotted for each one.  Two main types of movement 
were selected to determine accessibility – walking and public transport.   The former 
assumes a comfortable walking distance of 400 metres, and the latter assumes a walking 
catchment of 400 metres from any public transport pick up/drop off point.  The ‘walkability’ 
benchmark is used globally in most new developments as a measure of the location of retail 
or commercial activities to the residential areas.  It is also a common rule-of-thumb particular 
to the compact city form and New Urbanism principles developed during the 1990s (Hall, 
2010).  
 
A 400-metre catchment was plotted from the geographic location of each of the community 
indicators utilising the ‘Path’ method, where distance is measured along street networks, 
rather than as a radius (Figure 5).  The number of residential properties in this catchment 
was then summed and multiplied by the average household size for the suburb to calculate 
the number of residents in the catchment.  This figure was divided by the total number of 
residents in the suburb to determine the percentage of residents who live within a walking 
distance of the community facility.  This percentage was given a score from 1 (0-20%) to 5 
(80-100%) to rate neighbourhood connectivity. 
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Figure 5 400-metre walking distance catchment from three general practitioner (GP) 
locations in the Belmont suburb 
 
The initial results of the ‘walkability’ mapping showed significantly high indicator scores for 
public transport across all three suburbs.  This led to a secondary mapping process 
analysing the connectedness of public transport to the other community infrastructure 
indicators. The occurrence of bus stops within a 400-metre walking distance of community 
facilities was measured against the total number of each of the facilities to reach a 
percentage of accessible facilities. Figure 6 illustrates, for example, the methodology used to 
assess the connectedness of public transport stops to childcare/kindergarten facilities.  In 
this instance, a total of four facilities are present in the suburb.  Three of these are within a 
comfortable walking distance of a public transport stop. 
 
 
 
 
Figure 6 400-metre walking distance around community ‘facilities’ measuring the 
connectivity public transport to childcare/kindergarten facilities in Belmont 
 
Tables 6 and 7 show typical results of the two mapping exercises; in this case for the suburb 
of Belmont. Similar results have been produced for Grovedale and Waurn Ponds. 
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Table 6 Scores for the nine indicator of ‘walkability’ for Belmont 
 
 
Community 
Centre Library 
Maternal + 
Child 
Health 
Child care/ 
kindergarte
n G.P. 
Aged 
Care 
Public 
Transpo
rt 
Public 
Open 
Space Retail 
Dwellings in 
catchment 259 200 258 527 1209 127 4627 3628 3258 
Estimated 
residents 580 448 578 1180 2708 284 10364 8127 7297 
Percentage 
of suburb's 
population 4.3 3.3 4.3 8.8 20 2.1 77 60 54 
Indicator 
Score 1 1 1 1 2 1 4 4 3 
 
Table 7 Scores for the nine indicator of public transport connectivity for Belmont 
 
 
Community 
Centre Library 
Maternal + 
Child 
Health 
Child 
care/kinder
garten G.P. 
Aged 
Care 
Public 
Transpo
rt 
Public 
Open 
Space Retail 
Occurrence 
(total no. in 
suburb) 1(1) 1(1) 1(1) 3(5) 5(5) 0(2) n.a 10(16) 6(8) 
Percentage 
accessible 
via public 
transport 100 100 100 60 100 0 n.a 62 75 
Indicator 
Score 5 5 5 4 5 1 n.a. 4 4 
 
The indicators of ‘walkability’ to community facilities (community centres, libraries, maternal 
and child health, child care and kindergartens, general practitioners and aged care.) all score 
only 1, except for general practitioner (Table 6). These low scores point to either a lack of 
community services in the suburb or a concentration of services within a limited geographic 
area.  Therefore, from a ‘walkability’ perspective, the location of community facilities appears 
to be capturing only a fraction of its potential audience.  
 
One of the main determinants of physical connectivity is the street morphology of an area.  
In this study, both of the established suburbs (Belmont and Grovedale) exhibited the highest 
ratings.  Interestingly, it was Grovedale that performed marginally better across both 
‘walkability’ and public transport connectivity.  The street layout may be contributing to this.  
The residential grid of Grovedale has a finer grain i.e. more streets in its blocks, than the 
Belmont grid. The physically larger community indicators of public open space and retail 
centres scored higher for Belmont (Table 7) and Grovedale, than Waurn Ponds.  The sub-
regional scale of retail centres in these two suburbs contributed to this result, as did the 
existing smaller neighbourhood shopping nodes, particularly evident throughout Belmont.  
 
7. Diversity 
Conceptualisations and definitions of social sustainability as an aspect of sustainable 
development have been regarded to include, and be informed by, a combination of principles 
of equity and diversity, equal opportunity and multiculturalism (WACOSS 2000; McKenzie 
2004). For Fainstein (2005), the term diversity has a variety of meanings. For urban 
designers it refers to a mixture of building types; for planners it may mean mixed uses, class 
and/or racial-ethnic heterogeneity; for sociologists and cultural analysts it is primarily the 
latter.   Fainstein notes that although some may focus on only one of these interpretations, 
many see each type of diversity as interlinked. Diversity is central to urban and future city 
planning and the evaluation of a multi-dimensional social mix as an approach to ascertain 
neighbourhood context diversity is directly linked to it (Talen 2006). Several methodologies 
for defining housing diversity have been driven by city councils and local government 
agencies in the past decades (CoGG 2007; 2010). 
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This research has investigated how population diversity is a key consideration for 
sustainable housing development. Seven socio-demographic indicators contribute directly to 
the definition and extent of equitable and diverse housing. These indicators are: (i) 
educational level; (ii) family composition; (iii) dwelling structure typology; (iv) tenure of 
dwelling structure; (v) age; (vi) gross weekly household income; and (vii) birthplace. Census 
data for each of these indicators is broken down into various categories depending on the 
indicator (Table 8).  
 
The data for each of the suburbs containing the selected precincts was benchmarked 
against the same Melbourne data. The rationale was that ideally the precincts should mirror 
Victoria’s capital city. For each category of each indicator, a comparison of the ‘ideal’ 
number with the actual number in the precinct shows the level of diversity for that particular 
category. If the actual number exceeds the ‘ideal’, it implies that in the given category there 
is adequate representation. A weighted average of all the categories in each indicator was 
used to calculate a diversity rating for that indicator. Using a scale of 1 to 5, where 1 
represented zero or nil (0%) diversity and 5 represented perfect (100%) diversity, each 
category of each indicator could then be given a rating. Intermediate ratings were 
proportionately distributed between the two extremes. Table 9 shows the rating for each 
indicator in each precinct. 
 
Table 8 Census data categories used to evaluate each diversity indicator 
 
Indicators Categories 
Educational level postgraduate; graduate certificate; bachelor degree; diploma; and 
certificate 
Family composition couple with no children; couple with children; one parent family; 
other 
Dwelling typology separate house; semi-detached, row or townhouse; flat, unit or 
apartment; other 
Tenure fully owned or being purchased; rented 
Age group 0-19; 20-34; 35-54; 55+ 
Weekly income ($) <799; 800-1999; >2000 
Birthplace Australasia; South Asia; Africa: Europe & N.America; Southeast 
Asia; other 
 
Table 9 Ratings for each diversity indicator in each precinct 
 
Indicators Belmont Grovedale Waurn Ponds 
Educational level 4.2 3.0 3.7 
Family composition 5.0 4.3 3.5 
Dwelling typology 3.7 1.4 1.0 
Tenure 4.6 3.5 3.5 
Age group 4.3 4.2 4.2 
Weekly income ($) 3.8 3.7 4.1 
Birthplace 2.6 1.9 1.7 
Average rating 4.0 3.1 3.1 
 
Overall, the precincts rate well in terms of an average rating. The precinct in the older suburb 
of Belmont, however, appears to be more diverse than those in the two newer suburbs, 
which score equally. At the indicator level, the most significant differences are apparent in 
dwelling typology and the birthplace of residents. Inspection of the census data, allows some 
further observations to be made about the diversity of the three precincts.  
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Although all five categories of educational level are represented in the Belmont and Waurn 
Ponds precincts, there are no residents with postgraduate qualifications in Grovedale. In 
contrast, Belmont has almost the ‘ideal’ representation at this level. All three sites have a 
large representation of diploma and certificate holders, generally exceeding the ‘ideal’. 
Otherwise the education level across all precincts is fairly even and indicates a good level of 
diversity. Similarly, all four types of family composition are represented in the precincts. All 
are fairly equally well represented in the “couple with no children” category, the two older 
suburbs exceeding the ‘ideal’. The data indicates that the precinct in Belmont has the ‘ideal’ 
diversity in terms of family composition. The precinct in Waurn Ponds has the largest 
percentage of “couples with children” and in fact exceeds the ‘ideal’. Growing families 
appear to favour this suburb and see it as a place to raise families. 
 
In contrast there is a lack of diversity in terms of dwelling typology across the precincts. Only 
the Belmont precinct has acceptable representation of all three categories, although the 
separate houses still dominate (67%). Even though Grovedale is represented by all three 
categories of housing type, the percentage of separate houses (95%) is significantly higher 
than Belmont. In Waurn Ponds, 100% of the dwellings are separate houses and therefore 
there is no diversity at all. In terms of home ownership, Belmont has the highest 
representation of rented dwellings (33%) compared to the two other precincts where 
approximately 86% of homes are fully-owned or being-purchased. The reason for this 
disparity is not clear. Perhaps the higher number of owner-residents (and lower number of 
rented properties) in the newer suburbs reflects their age and lack of alternative dwelling 
typology. The separate houses are newer and possibly still occupied by the original owners.  
 
The three precincts have an almost identical rating and this evenness is generally reflected 
at the individual category level. However, Waurn Ponds (12%) also has a lower 
representation of residents over the age of 55 than Grovedale (27%) and Belmont (26%), 
and consequently  a slightly younger population overall. This finding is consistent with the 
previous observation that this suburb contains the highest number of growing families. In 
terms of income, more than half the residents of the Belmont precinct have an income of 
less than $799 per week. Waurn Ponds, the newest precinct has less than half this 
percentage and correspondingly the highest representation (19.5%) of the highest weekly 
income earners. One’s country of origin is usually the most visible indicator of diversity. A 
high representation (≥86%) of residents with an Australian birthplace is the dominant feature 
in all suburbs and results in a low overall rating for this indicator. Ten percent (or less) of 
residents were born in Europe, which is the only other birthplace of significance represented 
in these suburbs.  
 
8. Energy Use 
How and where we live are the key determinants of residential energy use. In 2007-8, the 
residential sector was responsible for 7.4% of Australia’s energy consumption (ABARE 
2010). In 2008, the sector consumed 402 PJ and this is expected to rise by 16% by 2020 
(DEHWA 2008). In Australia, houses are getting bigger, household size is getting smaller 
and we are building houses on sites with poor, if any, public transport, forcing occupants to 
drive their cars further. The methodology used to determine the energy use due to the size, 
style and the location of houses in various precincts is based on methods described in Fuller 
and Crawford (2011).  
 
The heating and cooling energy of the selected houses was calculated using published 
NatHERS1 figures for various housing types (AGO, 1999) (Table 10). Household appliance 
use has not been included in this study because it is not possible to differentiate usage 
                                                 
1 NatHERS – Nationwide House Energy Rating Scheme 
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between the precincts since only average Victorian data is available. Per-capita consumption 
has been calculated because this reflects household size, which varies across precincts 
(Table 1). As in Fuller and Crawford (2011), primary energy consumption has been 
calculated, using the same methodology.  
 
Table 10 NatHERS predictions for the selected house types 
 
House Type and Construction Heating 
Energy 
(MJ m-2) 
Cooling 
Energy 
(MJ m-2) 
Belmont  (B1) - weatherboard, no insulation 740.0 117.4 
Belmont  (B2) - brick veneer, timber floor, no insulation 744.8 95.7 
Grovedale (G)  - brick veneer, concrete floor, 75 mm 
ceiling insulation 
476.4 48.2 
Waurn Ponds (W) - brick veneer, concrete floor, 75 mm 
ceiling, wall insulation 
382.2 42.0 
 
The embodied energy component introduces the notion that we all need to bear some 
responsibility for the size and style of the housing we live in. The approximation method 
used to calculate the embodied energy of the selected houses is described in Fuller and 
Crawford (2011).  Gross floor area was multiplied by an embodied energy coefficient 
(GJ/m2). Baseline data of the embodied energy for a 1970s house was adjusted for key 
changes (e.g. timber floor to concrete slab, increased insulation) to reflect the change in 
house ‘style’ in different eras. A 100-year life for the house with an additional 20% embodied 
energy to account for renovations/repairs over that period was also assumed. 
 
It is important to include travel energy in an assessment of the sustainability of housing 
because the car is the most energy-intensive of all home appliances. However, the work-
related travel is not usually counted in the residential sector. ABS data provides a 
breakdown of the mode of transport used for work travel and is collated by the mode of 
travel under various categories. For simplification, the numbers of people using their car or 
public transport have been used to determine the energy used travelling to work by a typical 
resident of the precincts. It is assumed that they work in the CBD of Geelong and travel the 
distances shown in Table 1. It is also assumed that their mode of transport to work can be 
represented by the average usage pattern. Table 11 shows the percentage of residents in 
each precinct who use either a car or public transport for work-related travel. The method 
used to calculate the energy for work travel is described in Fuller and Crawford (2011). 
 
Table 11 Percentage of trips to and from work made by bus and car 
 
Precinct Percentage 
of trips by 
bus (%) 
Percentage 
of trips by 
car (%) 
Energy used 
on bus 
travel 
(GJ) 
Energy used 
for  car 
travel (GJ) 
Belmont (weatherboard) 2 98 0.1 13.8 
Belmont  (brick veneer) 2 98 0.1 13.8 
Grovedale  5 95 0.5 23.0 
Waurn Ponds 4 96 0.5 28.7 
 
The energy use per capita for heating and cooling, embodied energy and associated work 
travel for the houses in the respective precincts has been calculated using the above 
assumptions and is shown in Table 12. 
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Table 12 Annual per capita operational, embodied and travel energy consumption 
(GJ/p/a) in the selected houses 
 
Precinct Operational Energy Embodied Energy Travel Energy 
Belmont (B1) 46 11.6 14 
Belmont (B2) 32 8.3 14 
Grovedale (G) 27 11.1 23 
Waurn Ponds (W) 26 14.5 29 
 
In order to rank the operational, embodied and travel energy for a typical resident in each 
precinct, an upper and lower level of energy use for each indicator has been determined. 
The total range of energy use defined by these limits was then divided into five levels. To 
determine the lowest range of operational energy use i.e. the highest ranking, it has been 
assumed that a house can be designed that requires no heating or cooling by external 
sources. Similarly, it is assumed that someone could deliberately choose to live close 
enough to their place of work so that they could ride a bicycle or walk to work. In each of 
these instances, energy use would be zero. In the case of embodied energy, identifying ‘best 
practice’ is more problematic. A house constructed of renewable and/or recycled building 
materials could theoretically be low in embodied energy, but some energy would still be used 
collecting and processing the materials. A 1960s weatherboard house was calculated to 
have an embodied energy of 12.9 GJ m-2 (Fuller and Crawford, 2011). Using a more detailed 
method Fuller et al. (2009) determined a figure of 9.2 GJ m-2 for a 1950s weatherboard 
house. As a starting point, a 50% reduction in this lower figure has been assumed in this 
study i.e. 4.6 GJ m-2. To determine the upper range of energy use i.e. lowest ranking, the 
highest combined heating and cooling energy requirement for a detached house (857.4 MJ 
m-2 in Table 10) has been assumed. All travel is assumed to be by car and an embodied 
energy coefficient of 15 GJ m-2 has been used. Table 13 summarises the ranking ranges for 
operational, embodied and travel energy. The assessment of selected houses is shown in 
parentheses. 
 
Table 13 Rating levels for energy use indicators 
 
Ranking (GJ/p/a) 1 2 3 4 5 
Operational  65-52 51-39 
(B1) 
38-26 
(B2)(G)(W) 
25-13 12-0 
Embodied 17.1-14.0 
(W) 
13.9-10.9 
(B1)(G) 
10.8-7.7 
(B2) 
7.6-4.6 4.5-1.5 
Travel 24.2-19.4 
(G)(W) 
19.3-14.5 14.4-9.7 
(B1)(B2) 
9.6-4.8 4.7-0 
 
9. Results and Discussion 
 
The previous sections describe the methodologies used to evaluate each of the criterion and 
their individual ranking system. In each case there has been some discussion about the 
results produced at the criterion level. In order to combine and compare the rankings for 
each criterion for each precinct, star diagrams have been chosen as the most informative 
way to convey the rankings. This visual way of conveying the results of the research has the 
advantage of being quickly understood by non-specialists and has been recognised by users 
of similar systems e.g. AMOEBA for its value to inform policy makers and the wider 
community (Bell and Morse, 1999). It would be possible to further reduce the rankings down 
to a single score or sustainable development index (SDI) but in the process some of 
richness of the findings would be lost. By separating and scoring the criteria separately, 
more detail is made available without being overly complex. In this research, 31 separate 
indicators have been used and portraying all of these on the same or individual diagrams 
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would be confusing and not meaningful. However, the representation does have 
disadvantages. Firstly, it assumes that all criteria are equal and this may not the case. 
Secondly, the influence of a particular indicator on the final ranking can be missed without 
viewing the original data.  
 
These disadvantages notwithstanding, Figures 7-10 show the five criteria displayed on star 
diagrams for their respective precincts. There are two diagrams (Figures 7 and 8) for 
Belmont because of the difference between the two houses selected (B1 and B2). Inspection 
and comparison of these star diagrams allows the following comments to be made. In 
energy use terms, only the Belmont precinct with the brick veneer house scores at least 3.0. 
The influence of the selected house in Belmont can be seen explicitly in the energy and 
resource use criterion (Figures 7 and 8). Diversity, neighbourhood character and 
connectedness are identical because they use the same data.  The impact of using wood as 
the main construction material (B1) compared to the brick veneer of (B2) is also clearly 
evident. Its beneficial effect is, however, offset by its larger size; B1 being over 40% larger 
than B2. These differences in Figures 7 and 8 also highlight the weakness of relying on a 
‘typical’ house. 
 
In terms of diversity, the older suburb of Belmont is clearly superior to the two suburbs 
constructed in subsequent eras. The lack of different dwelling typology in the new suburbs 
(Table 9) has impacted significantly on the overall ranking of their diversity criteria. This 
illustrates the disadvantage described above. One indicator has significantly influenced the 
overall ranking. In terms of neighbourhood connectivity, the older suburbs clearly outperform 
the last suburb to be built i.e. Waurn Ponds. Some of the reasons for this have been 
discussed earlier in the relevant section. It is possible that this will change as the suburb 
grows and adjacent land is further developed, including provision of community facilities. The 
two older suburbs also outperform Waurn Ponds in terms of neighbourhood character. This 
is primarily due to a lack of vegetation and a complete consistency of housing styles. 
 
Overall, the Waurn Ponds precinct scores worst across all five criteria. This result raises the 
question of how it may be improved. The provision of improved public transport and its use 
would greatly impact on the energy criteria. Other indicators of energy use are harder to 
change, particularly the embodied energy, but a program to improve the thermal 
performance of the houses would increase the operational energy indicator. Provision of 
public transport combined with local government policies to encourage the establishment of 
local community facilities would improve neighbourhood connectivity. Improving the 
neighbourhood character is more difficult because many of the indicators are fixed by house 
and allotment size. However, provision of more vegetation in the streets and the creation of 
vital public spaces, where an opportunity arises could ameliorate these deficiencies. The 
development of ‘character’ needs to be considered in the first stages of precinct 
development. 
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Figure 7 Belmont (B1) 
 
 
 
Figure 9 Grovedale (G) 
 
 
 
 
Figure 8 Belmont (B2) 
 
 
 
Figure 10 Waurn Ponds (W) 
 
10. Conclusions 
This paper considers a new multi-criteria methodology that has been developed to analyse 
the sustainability future of past housing developments. The methodology combines 31 
indicators to represent five social and environmental criteria. It has been used to analyse 
three housing precincts, representative of different eras of housing development on the edge 
of a regional city in southern Australia. The methodology produces meaningful results which 
can easily be shown graphically on star diagrams as a way of making the results readily 
comprehensible to planners and the general community. 
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